Spatial organization of template polynucleotides on the ribosome determined by fluorescence methods.
The spatial organization of template polynucleotides on the ribosome and the dynamics of their interaction with 30 S subunits have been studied by fluorescence spectroscopy. The topography of the mRNA in the ribosome has been determined using singlet-singlet energy transfer. This method has allowed us to estimate distances between donors and acceptors of energy which have been linked to the terminal residues of template polynucleotides (poly- and oligo(U) and oligo(A] and 16 S RNA or to SH-groups of ribosomal proteins S1 and S8. The dynamics of mRNA-ribosome interaction have been investigated by the fluorescence stopped-flow technique. It has been shown that the binding to the 30 S subunit of poly(U) with length much shorter (16 nucleotides) than that covered by the ribosome is greatly enhanced by protein S1. However, the final position of oligo(U)16 on the 30 S subunit, which probably includes the ribosomal decoding site, proves to be quite different from that occupied by oligo(U)16 on a free protein S1. Interaction of oligo- and poly(U) with the 30 S subunit occurs in at least two steps: the first one is as fast as the interaction of poly(U) with free S1, whereas the second step represents a first-order reaction. Therefore, the second step may reflect some rearrangement of the template in the ribosome after its primary binding. It is suggested that protein S1 in some cases may fulfill the role of a transient binding site for mRNA in the course of its interaction with the ribosome. The general shape of the template in the mRNA binding region of the ribosome has been studied using various synthetic ribopolynucleotides and has been shown to be similar. It can be represented by a loop(s) or "U-turn(s)". On the basis of estimation of distances from the ends of poly(U) to some well-localized points on the 30 S ribosomal surface, a tentative model of mRNA path through the ribosome is proposed.